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ABSTRACT: 

A polyethylene composition comprising three specific types of polyethylenes; polyethylene (A), 
polyethylene (B) and polyethylene (C) respectively. The polyethylene composition has a melt 
index not less than 0.001 g/1 0 min. and not more than 10 g/cm and exhibits excellent 
processability under variant molding techniques. Molded objects exhibit excellent physical 
properties such as impact strength environmental stress cracking resistance and uniform 
thickness distribution. Polyethylene (A) has a molecular weight of from 5,000 to 90,000 and 
polyethylene (C) has a molecular weight of from 1 00,000 to 1 ,500,000 and the ratio of the 
molecular weight of polyethylene (C)/the molecular weight of polyethylene (A) is from 4 to 200. 
Polyethylene (B) has a molecular weight of from 50,000 to 500,000, being prepared by a 
polymerization with use of a chromium compound-supported type catalyst capable of producing 
a specifically conditioned homopolyethylene with respect to the properties of the polymers in 
terms of flow ratio and die swell. 
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BACK6R00WD OF THE IN\7ENTI0K 
Field of the Invention 

This invention relates to a poli'Suhylene com- 
position having excellent physical and chemical properties, 
and excellent moldability. More particularly, it relates 
to a polyethylene composition which exhibits excellent 
processability as well as excellent properties such as 
high impact resistance, high environmental stress creicking 
resistance (hereinafter referred to as ESCR) and the like 
in the application of various molding techniques such as 
blow molding, extrusion molding, injection-blow molding 
and the like. 

Description of the Prior Art 

In Tnolding by blow ir.cicing, extrusion nsolding, 
injection-blow molding or the like, polyethylene having 
relatively high molecular weight as well as relatively 
broad molecular weight distribution is suitable. Several 
processes have been proposed in the art for preparation of 
polyethylenes with broader molecular weight distributions. 

One of the known processes comprises mixing a 
high molecular weight polyethylene and a low molecular 
weight polyethylene. Examples are described in Japanese 
Patent Publication No. 3215/1S70, Japanese Patent P^jb- 
lication No. 22007/1970,. Japanese Laid-open Patent Pwb-, 
licaticn No. 100444/1979, Japanese Laid-open Patent 
Publication No. 100445/1979, Japanese Laid-open Patent 
Publication Ro. 161657/1979, Japanese Laid-open Patent 
Publication No. 60542/1980, Japanese. Laid-open. Patent 
Publication No. 60543/1980, Japanese Laid-open Patent 
Publication No. 57841/19 SI, and Japanese Laid-open Patent. 
Publication No. 133136/1982. Another known process is a 
multistage polymerization process in which two or more 
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stag-s of polymerization are involved. Examples of this 
latter mode of preparation are described in Great Britain 
Patent Publication Nos. 1,174,542 and 1,223,599, U.S. 
Patent Kos. 4,113,440 and 4,098,974 and Japanese Laid-open 
Patent Publication No. 47079/1976. The poiyethylenes 
prepared by these known processes have wide molecular 
weight distributions and produce moldings having a good 
ESCR. 

The present inventors have found that although 
the prior poiyethylenes have broad molecular distributions 
and improved ESCR, they exhibit a number of drawbacks with 
regard to practical characteristics required for both rr.ola- 
ing and molded shaped products. The drawbacks encountered 
in the p-ior poiyethylenes arfe low impact strength, poor 
viscoelastic characteristics on melting during molding, 
.nd susceptibility to generation of thickness irregularity. 
Tr addition to these drawbacks, prior poiyethylenes en- 
counter failures in producing moldings with complicated 
shapes. 

SUMMARY OF THE FRSSEKT IK-\i;NTIOH 

It is an object of the present invention to 
minimize the aforesaid drawbacks of the prior polyethylene 
compositions, and provide an improved polyethylene composi- 
tion excellent in overall characteristics including both 
physical properties snd processability . Specifically, 
the present invention provides a polyethylene composition 
comprising three types of poiyethylenes (A) , (B) and (C) 
selected from the group of homopolymers of ethylene and 
copcivn.ers of ethylene anc an e^oicfin, vhereir li) pciv- 
ethvi;ne (A) has a molecular weight of from 5,000 to 50,000 
(hereinafter referred to *Wa) and polyethylene (C) has a 
molecular weicht of from 100,OOG to 1,500,000 (hereinafter 
referred to MWc) , and the ratio of ^rWc/M5^A is between 4 
and 200, (ii) polyethylene (B) has a molecular weight of 
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from 50,000 to 500,000 (hereinafter referred to MWb) 
produced by a polymerization using a chronlum compound 
supported type catalyst which is capable cf producing a 
homopolymer of ethylene in a single stage polymerization, 
having a flow ratio of from 40 to 150 and a die swell of 
from 40 to 100g/20cm measured at the ccncition in which 
the said homopolymer exhibits a melt index of lg/10 min., 
(iii) the ratio of polyethylene (A) to polyethylene (C) 
by weight is from 70 to 30 to 30 to 70, and the amount 
of polyethylene (B) in the composition ranges from 10% 
by weight to 75% by weicht. 

According to the present invention, there is 
provided a polyethylene composition .which is featured by 
excellence both in physical properties such as impact 
resistance, ESCR, stiffness and resistivity to heat and 
in processability. With these excellent properties in 
combination, the polyethylene of t-he present invention 
.is suited to wide varieties of commercisl molding applica- 
tions such as blow, extrusion, inj6ction-blo*«' and the like. 

In the polyethylene composition of the present 
invention, polyethylene (A) and polyethylene (C) together 
can be regarded as one unit component. 

. . The unit component can be a blend of polyethylene 
(A) with polyethylene (C) in which the respective poly- 
ethylenes are .separately prepared, or a polyethylene com- 
position obtained by a two stage polymerization process. 

The unit component has a melt, index of from lOg/ 
10 min. to O.OOlg/10 irdn. , a flow ratio cf from 20 to 500, 
a density of from O.Slg/cm-^ to O.SSg/cm' and die swell of 
from 20 to 50g/20 cm. 
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BRIEF DESCPTPTION OF TH E DRaKIiiG 

The foregoing «ia other features ana -*van«?es 
of the present invention will be apparent to those sKrlled 

1 art fro™ the following detailed ae.criptxon ta.en 
in connection with i±e acconpanying drawinc. 

The figure is a flow sheet shoeing aiagra>«ati«l- 
a two stage poly^ri^tion process for preparation of 
polyethylene. 

DETAILED Dr- -'"-^"" V^TlOn 
The present invention will now be_ desc^rihed in 
aetail. The polyethylenes (A,, (B, and (C) , the coxpo-^ 
'!n's of the polyethylene composition of the present .n- 
iol "e Uec.. fro™ the group consisting of ho^o- 
loll^s of ethylene and copolymers of ethylene and =n 
Torf'n copolymerizable a-olefins are those havrng 
rr nar aLs such as propylene, -tenc^ P~' 
he.ene, *-™ethyl^ntene-l. octane decene and rXe 
The molecular weight of the polyethylene (A) 
7oo7l 90,000. ««A less than 5.000 lowers u.,rform 
Is rsihility Of all the cc^nents in --ompo^ ^o 
and t-he physical properties of the 

Z exceeding 90.000 maKes it difficult to ^^^^ ^ 

.he processahility c£ the '^x^et-^ylene (A) 

10,000 to 70.000. --P^j ;7J;,^,/ai'tri;uticn 
has a relatively narrow molecular wei. 
and a reiat--velv small die swell value. Such . pc.y 
Tt^y le e1 pre'ferahly produced hy a magnesium-contarn.ng 
Zler type catalyst which is capable of procucng a 
ziegier tyF<= j .^ace polvmerization 

homopolyn^r of ethylene in a single --^ce p 
having a flow ratio of 20 to less than 50 and a dxe s 
o« 20g/20cm to less than 50g/20cr> measured at -he 
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tion in which the said homopolymer exhibits a melt index of 
lg/10 min. The polyethylene (C) has a molecular weight 
from 100,000 to 1,500,000 (MKc) • Ml-^C ^^ss than 100,000 
lowers both the molecular weight of the whole composition 
and ESCR. MWc more than 1,500,000 may lower uniformity 
of dispersibility of the component polyethyienes in the 
composition, making the composition unbalanced in both 
•processability and physical properties or generating of 
fish-eyes in molding. Preferred MWc is between 200,000 
and 1,000,000. More preferably, the polyet.hylene (C) 
has a relatively narrow molecular weight distribution 
as well as a relatively smaller die swell value. Such 
polyethylene has a molecular weight of from 200,000 to 
1,000,000, and is preferably- pr^ared by a magnesium- - ■ 
containing Ziegler type catalyst capable of producing 
a homopolymer of ethylene in a single stage polymer- 
ization having a flow ratio of 20 to less than 50 and a 
die swell of 20g/20cm to less than 50g/20Gm measured at 
•the condition in which the said homopolymer e>±ibits a 
melt index of lg/10 min. 

The molecular weight of the polyethylene (B) 
is 50,000 to 500,000 (MWb) . The polyethylene (B) is 
produced by polymerization using a chromium compound 
supported type catalyst which is capable of producing 
a homopolymer of ethylene in a single stage polymerization 
having a flow ratio of from 40 to 150 and a die swell of 
from 40g/20cm to 100g/20cm measured at the condition in 
which the said homopolymer exhibits a melt index of 
lg/10 min. 

A more preferable KWb is i^O"» 60,000 to 400, OCC: 
prepared by polymerization using a chromium compound sup- 
ported type catalyst capable of producing a homopolymer 
of ethylene in a single stage polymerization having a flow 
ratio of from 50 to 120 and having a die swell of from 
50g/20cm to 80g/20cm measured at the condition in which 
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the said homopolymer exhibits a ir.elt index of lg/10 lain. 

By a homopolymer of ethylene produced in a single 
stage polymerization there is meant a homcpolyethylene 
prepared by a known single stage polymerisation us.ng a 
transition metal type catalyst at a fixed condition with 
respect to polymerization vessel, temperature, pressure, 
catalyst, molecular weight regulator and ether polymer- 
ization conditions known in the art. Accordingly, the 
homcpolyethylene produced in a single stage polymerization 
does not include any mixture of homcpolyethylene prepared 
bv different conditions, nor includes any homcpolyethylene 
prepared by a two or more stage polymerization. 

The density of the polyethylene (A) is from 
0 91g/cm^ to 0.S8g/cm^ The density of tl.e polyethylene 
(B) is from 0.91 to 0.98g/cm^ preferably from 0.94g/cm 
to 0 97g/cm^ The density of the polyethylene (C) is 
*ron; 0,91g/c:r.^ to 0.97g/cmS preferably in a range from 
0 Sig/cm^ to 0.95g/cm3 ,,,ner than the densities or 

polvethylenes (A) and (B) , whereby the polyethylene 
composi'tion is simultaneously improved in moldability and 
properties such as impact resistance, ESCR and the Uke. 

in the present invention, MWc/MWa ranges from 
4 to 260. A ratio of MWc/MW^ less than 4 effects a narrow 
molecular weight distribution in the final composition 
leading to both poor processability and lowered ESCR. 
on the other hand a ratio exceeding 200 does not proauce 
any meritorious improve^nent in moldability and physical 
properties, and results in disadvantage with regard to 
conm.ercial production of tr.e composition- A preierreo 
ranoe of MWc/M«;, is from 6 to 150 and the n.>st preferable 
ranae is from 7 to 100. As hereinbefore stated, the 
moi;cular weight of the polyethylene (B) '.m^) ranges 
f^om 50,000 to 500,000 preferably from 70,000 to 400,000. 
in the most preferred mode of the composition of the 
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present invention, MWb/M^a is more than 1.2, MV%/Mc less 
than 0.9 and MV7b is lower than the combined molecular 
weight of the bicomponent composition consisting of poly- 
ethylene (A) and polyethylene (C) (MWa+c) - 

The ratio of the polyethylene (A) to the poly- 
ethylene (C) by weight ranges from 70:30 to 30:70, more 
preferably from 60:40 to 40:60. If the air.ount of the 
polyethylene (A) to the amount of the polyethylene (C) 
exceeds 70 or is less than 30, processability as well as 
ESCR will be lowered so that the utility properties of the 
composition will be unbalanced. 

The amount of polyethylene (B) in the composi- 
tion of the present invention is in a range of from 10% 
to 75% by weight, preferably from 15% to 60% by weight. 

An amount of the polyethylene (B) less than lOi 
tends to produce faults such as lessened processability, 
and low impact strength. On the ether hand, more than 
70% of the polyethylene (B) in the composition lessens 
the ESCR. 

The process for preparation of the polyethylene 
(A) and the polyethylene (C) will now be described. The 
polyethylene (A) and (O are prepared by suspension poly- 
merization, solution polymerization, gas phase polymeriza- 
tion, and the like using a transition metal type catalyst. 
Of the catalyst applicable, a magnesium-containing Ziegler 
type catalyst is preferred. A magnesium-containing 
Ziegler type catalyst produce a. linear polyethylene 
containina minimal amounts of unsaturatec bonds sucr. an: 
double bond and long side chains and having a dense and 
stable crystalline structure. The magnesium-containing 
Ziegler type catalyst can be made from, any type of magne- 
sium compounds such as inorganic magnesium compounds and 
organomagnesium compounds. 
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Examples of «.agnesi™ coi^pomids ^re magnesim. 
Chloride, hydroxy-»agnesi™ chloride, magnesiun, oxide, 
.nagnesi™ hydroxide, ^agnesi™. carbonate, -5-"™ 
alkoxides, organic acid salts of magnes.u.. or complexes 
thereof with electron donor compounds such as alcohol., 
esters of carboxylic acids and the like or mixtures 
hereof, organo^agnesiun con,pounds having carbon-magnesru.,, 
bond, for instance, dialkyl magnesia, alkyl magnesium 
Chloride, allcyl»agnesi« alkoxides. alkyl magnesium 
.iloxides or complexes thereof «ith electron donor^com- 
pcunds such as ethers and the like, a reaction product 
of the aforesaid organomagneslu... compounds and a halogen 
ated compound, for instance, hydrochloric acid, organic 
chlorides, chlorosilanes, silicon tetrachloride and tin. 
tetrachloride. 

The magnesium-containing Ziegler type catalyst 
comprises an organometallic compound and a reaction 
product of the above mentioned xr^cnesium source ana a^ 
titanium and/or vanadium compound. For preparation ox 
polyethylene having a desirable flow ratio as -I;' ^ ^ 
TesLahle die swell as already described, a spe=^f-^l^ 
preferred catalyst system comprises a solid catalyst com 
ponent la) and organometallic compound (b) . 

The solid catalyst component (a) is prepared 
by reacting compound (1) with compound (II) or by react- 
ing compounds (I), (ID and (HI). The compouna (I) is 
an oroanomagnesium con^und represented by the general 
formula K^HgeHV^gV., wherein^e is ^„ 
more than zero, p, 1. r, s, n, and a, B have tn 
o. p . c . r 4 s = ma ^ 2E, M represents an atom o. met.i 
element 'belonging to group I through group III " 
Periodic Table, end r2 are hydrocarbon racicals having 
the same or different numbers of carbon atoms, X and Y 

= M'^f^^&^t radiccil selected irora 
represents the same or a dia.fe.e..t . g 

the croup consisting of halogen, OK^ CS.R^^R^ NR R 
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and SR9 wherein r3, and R'^ stand for a 

hydrogen atom or hydrocarbon radical and R^ is a hydro- 
carbon radical. The compound (II) is a ritanium compound 
containing at least one halogen atom, or a vanadium com- 
pound containing at least one halogen ator.. The compound 
(III) is a halide of aluminum, boron, silicon, germanium, 
tin, terilium and/or antimony. 

The organometallic compound (b) is a compound 
of an element selected from group I to III in the Periodic 
T'able, a preferred compound of which is an organoaluminum . 
compound or a complex containing organomacnesium cor.pound. 

The reaction of a solid catalyst component (a) 
with an organometallic compound (b) can be carried out by 
adding the comoonents to a polymerization system so that 
they react while the polymerization proceeds. The reaction 
can also be carried out prior to polymerization. A pr^-rer- 
red amount of the component (b) by weight to 1 g o£ solid 
catalvst component (a) ranges from 1 iror.ol to 3,000 rrmci. 
A titanium compound supported on an inorganic magnesiv_-n 
compound may be used instead of a solid catalyst comporerr 
(a). Among the catalyst systems hereinbefore mentionea, 
a high activity catalyst system which does not have to be 
removed from as-polymerized polymer is particularly pre- 
ferable, :and is referred to in Japanese Patent Publication 
Nos. 36788/1977, 36790/1977, 36791/1977, 36792/1977, 
50070/1977, 36794/1977, 36795/1977, 36796/1977, 36915/ 
1C77 36^^17/1977, 6019/1978, and Japanese Laid-open 
pi^Ucation Nos. 21876/1976, 31835/1975, 72044/1975, 
78619/1975, and 40695/1978. 

Polyethvlenes (A) and (C) . both of which are 
separately prepared, can be blended in formulating the 
polyethylene composition. For a commercial preparation 
of the polyethylene composition of the present invention, 
it is preferred that a polyethylene consisting of the 
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two components i= prepared by a two sta^e polymerization. 
HtHou,: any Kno>™ two =ta,e -^-.rizaticn ca^^^^^^ 
ployed, the following process is an especially pre err 
: o St ,e polymerization for preparation of the poly- 
..hylenes (A, and ,C,. In the preferred P---^^^^ 
„erLation is carried out in the presence c- saturated 
hydrocarbon having 4 to 10 carbon atoms. 

The order of preparing the respective polyethylene 
► i« not critical in a two stage polymerization, 
component is not critii.<"->- 

,o,„erization of : - 

:L::;rrrir: Treraratlon of the bic^onent 

^ =.r,e nf a two stage polymerization in 

polymerization of the poxye j 

«, of the lower ^lecular weight consonant " 

Ued under a poli..erization pressure of rom 1 to 3 

;.g/o.'S, preferably from 3 to 25.g/cm'C ^ ^J^^^""^ 

tlon temperature from 60"C to 100-C, preferably .0 C to 

L polyethylene (6, , which is the higher molecul - 
: ig;t romponl. is then produced under a Poly-rizaticn 
sure of from 0.5 to 30.g/=»^G, preferably from • to 
lowc^'a at a polymerization temperature between 40 C 
and 110-C, preferably between 60°C and 90 C. 

Ihrough a line (2). ethylene, hexane, hydrogen 
„a catalyst are fed into a polymerisation vessel (1) , 
whe^e the lower molecular weight polyethylene (A « 
produced by polymerization. ^» ^^1^; ' 

nation vessel ,1, is introduced into a flush ar» .3^, 
Where unreacte. ethylene and ^^^^^^^ Z^^,. 
removed ethylene and hydrogen are ^-^^^^T m 
sor (4) and returned to the polymerization «Bsel 1 • 
rJie other hand, the slurry in the flush ^ 

..reduced into ^ ^ ^^^^^^^ 
by means of a pump (5). EJiylene, co 
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catalyst components are fed through a line (7) into the 
polymerization vessel (6), where the high znolecular we.ght 
polyethylene (C) is produced by polyineri.ation, and the 
polymer in the polymerization vessel (6) is withdrawn 
through a post-treatment step (not shown) as a product. 

The flow of the foregoing process is one repre- 
sentative example employable in the preparation of a poly- 
ethylene component consisting of polyethylene (A) and 
polyethylene (C) . In another case, the polyethylene (C) 
of the higher molecular weight component may be produceu 
by polymerization in the polymerization vessel (1) and 
the polyethylene (A) of the lower molecular weight compo- 
nent may be produced by polymerization in the polymerxza- 
tion vessel (6). In the latter case, the flush drum (3) 
can be omitted. The contents of the latter stage poly- 
xnerization vessel (6) may be recycled to the preceding 
stage polymerization vessel (1). Accordingly, the poly- 
ethylene (A) and polyethylene (O can be continuously 
prepared by using a two stage polymerization. 

The polyethylene (B) is prepared by a polymer- 
ization using a chromium compound supported type catalyst. 
A polyethylene prepared by using a chromium compound 
supported type catalyst contains a relatively larger 
amount of unsaturated bond such as double bond, and dif- 
fers in chain branching structure as well as crystalline 
structure from a polyethylene prepared by using a magne- 
sium-containing Ziegler type catalyst. Examples of 
catalyst capable of producing a homopolyethylene having 
a flow ratio (hereinafter referred to as MIR) of from 40 
to 150 and a die swell of fron. 40g/20cm to 100c/20cm 
n^easured at the condition in vhich the said homopolymer 
exhibits a melt index of lg/10 min. are a chromium com- 
pound supported on inorganic oxide (c) and such supported 
chromium compound (c) combined with an organometallic 
compound (d) . As inorganic oxide support for supported 
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catalyst of chromium compound, silica, alenina, siUca- 
alumina, zirconia, thoria and the like, may be used. 
Silica and silica-alumina are preferred inorganrc oxide 
type support. A specifically preferred support rs com- 
mercially available silica having a high surface area 
and high porosity. 

The chromium compounds include chroiriun oxides, 
chrorium compounds capable of at least partially forcing 
chro^iu. oxides, when calcined, .such as halides of chromrum, 
cihalide. of chromiu.. nitrates of chromium, °' 
chro.<ur., chromium sulfates, chromium oxalates, alcoholates 
of chromium and the like. Examples of these chromium 
llTounas are chromium trioxide, chromyl chloride, potassium- 
dichromate, ^.i^ chromate, chromiu., nitrate, chrom.u. 
acetate, chro-aium acetylacetonate , tert-butyl chromate and 
■ the like. Of these, chromimr. trioxide, chromiuv. acetate 
ana chromium acetylacetonate are especially preferred. 

n,e chromium compound is supported by Known .^thcds 
such as im;re,nation. solvent evaporation and subltaation. 

in oeneral, t!,e supporting method to be employed 
may depend on the kind of chromium co,,«K=und used. It can 
be an either aqueous or non-aqueous technique. 

For example, in the case of using chromium oxides, 
water may be used. In the case of using acetylacetonate, 
non-acueous solvent such as toluene may be usee. The 
a™,un; of Chromium on the support is in the range of^from 
0.05 % to 5 %, preferably from 0.1 I to 3 %. by weight. 

■nhe calcination is generally carried out in a 
non-reducing atmosphere, for instance, in the presence of 
oxvaen. But it can also be conducted in the presence o. 
an- Inert gas or under a reduced pressure. Preferably 
calcination is conducted in air substantially xree- of 
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moisture. Calcination is conducted at a temperature not 
lower than 300«>C, preferably at a temperature from 400°C 
to SOO-'C, for several minutes to about several 10 hours, 
preferably for 30 minutes to 10 hours. It is recommended 
that the calcination should be performed i.-: a fluidized 
state by flowing sufficient dry air. 

Of course, it is possible to control the activity 
of a catalyst and tlie molecular weight, etc. of a poly- 
ethylene by adding a titanate or a fluorine-containing raits 
or the like during supporting or calcining. 

Further, a catalyst prepared by supporting a 
compound such as silyl chromate or a reaction product of 
amine and chromium trioxide and a compound described be- 
low: . 

II I) 
(R3Si)2K - Cr - N(SiR3)2. R3C - 0 - Cr - OCR3, 

6 0 
0 0 0 

II i II 

(RO) 2? - 0 - Cr - 0 - P (OR) 2 
0 

On the aforesaid support can be used. These 
catalysts are described in USP 2,825,721; 2,951,816; 
3,130,188; 3,324,095, 3,709,853; 3,493,554; 3,474.080, 
i:P-A-0067068 end Japanese Laid-ope:i Patent Publication 
NO. 5308/1983. 

In the above formulae, R represents e hydro- 
carbon group. 

The supported catalyst of chromium compound 
combined with organometallic compound comprises a combina- 
tion of an organoiretallic compound (d) and solid component 
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(c) obtained by supporting a chromium coir.?cund on an 
inorganic oxide- 

AS an inorganic oxide support, the inorganic 
oxides as explained already in the preparation of a sup- 
ported catalyst of chromium compound can be used. 

The following are organometallic coinpounds {&) . 
to be used in cond>ination with a supported chroirdum com- 

pound (c) . , 
(1) organic magnesium complex soluble in an inert hyaro- 
carbon which is represented by AlaMgeR^pR qP.^r"s^t^ 
wherein a end B are a number more than 0, p, q, r, 
s and t are 0 or a number more than 0 and they have 
the relation of 0 < (s+t)/(a-.B)41.5 and p+qfr^s+t= 
3a 4. 2B, r1, r2 ^nd r3 are the same or different 
hydrocarbon groups having 1 to 20 carbon atoms, X 
and Y represent the same or different groups select- 
rc zron. OR^ CSiR5R6R7, nr8r5 and SrIO, R^. R^, R^ 
b"^ R^ and r9 represent hydrogen or a hydrocarbon 
croup respectively, and R^O represents a hydrocarbon 
group. 

(2) Oxaanomagnesium compounds soluble in an inert hydro- 
carbon that is represented by the general formula 
HoRu'Rv-XxYy, Wherein R' and R" represent hydrocarbon 
groups, and at least one of R" and R" is a secondary 
or tertiary alkyl group containing 4 to 6 carbon 
atoms, or R' and R" are alkyl groups differing m 
n^^er of carbon atoms from each other, or at least 
one of R' and R" is a hydrocarbon group with sxx or 
more carbon atoms; X and Y are electro-necatiVe 
croups with an 0, N or £ ator.; u. v, x and y ere 0 
cr a number more than 0 and they have the relatxon ox 
u+v+x+y = 2 and 0<x + y^l.5. 
(3) Oraanomagnesium compounds soluble in an inert hydro- 
carbon represented by the general formula MaMgeRlpR q 
R3rXsVt, wherein a and £ represent numbers more than 
0, p, q, r, s and t represent 0 or a number more than 
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^ 0 and they have the relationship of C S 1=-^'/ ' 
° 1.5 ana .p.q«.s.t = -n.^2e=« is -a«.se acted 

'tro. zinc, boron, beryli- and lithi..., . stand, 
for the .mlence ct M; ^3 the sa^ or 

dif lerent hydrocarbon groups having i t= 20 oaroon 
ato^- X and V stand for the sa,^ or different groups 
rc;ea fro. OK^ OSiK^KeKV, a..d SKiO= P.. hS. 

r6, r8 ana r9 are hydrogen or a hydrocarbon group; 
ana RlO stands for a hydrocarbon group. 
,4, organo^agnesiu. co..pounda represented by the gener 

•formula H<.Hg6HV^.<0SiH«^H^)r. "Herein . 
an atom selected fro. the group cons.=t.ng of . u..nun, 
.i„c, boron and beryU.., K^, -d. -3 - 
- carbon groups having I to 20 carbon ato.s, r4 st nas 
for hydrogen or a hydrocarbon . group havrng 1 to 
carbon ato>nsr B and r are a nu*er exceedang 0, 
p and q are 0 or a nu*er n»re than 0 and iHq« = 
mc + 2S; and m is the valence of M. 
organoalu^in™ co,„pound. represented by 'he general 
for»,ula AlRl„(OSiBR2R3,3.„, wherein rI and R are 
hvdrccarbon groups with 1 to 20 carbon atoms; R re- 
p;esents hydrogen or a hydrocarbon group wxth 1 
20 carbon atoms; and n is a number .from 1 to 3. 
Organoaluminum compounds having both ^^^"'^ ^l^^nl. 
and hydroxy group represented by the general formula 
AlRlpH,(OR2),(OSiHR3R4)y, wherein the relations of 
S l'q.0, 1^0.25, y^O.lS, 1.5^x.y^0.5 and P^q^x.y 
='3 are satisfied: R^. ^2, and R^ are the same 
or different hydrocarbon groups having from 1 .0 

carbon atoms. v, cene^a^ 

OrcanoalUKiinun. coinpounds representee by t±e ,e. - - 

for:nula Al Kn Xs-n, wherein K is a ^f^f^^ ^""^ 
X represeats-a halogenv OEl or OSIrW where r 
r2, r3 and r4 represent hydrocarbon; n xs a nuitO^er 
satisfvinq the relationship l=n^3. 

a^lnc compound represented by the general formu a 



(5) 



(6) 



(7) 
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OR^ where is a hydrocarbon group, and in is a 
nuinber satisfying the relationship l=m^2. 
(9) Organolithium compounds represented by the general 
formula LiR, wherein R is a hydrocarbon group. 
(10) Organoboron compounds represented by the general 

formula ERji X3-£, wherein R is a hydrocarbon group, 
X represents halogen or OrI or OSiR2R3R4 where R^, 
r3 and R^ are hydrocarbon groups, and R^ stands for 
a hydrogen atom or a hydrocarbon group; £ is a 
nuirieral defined as 1^11^3. 

The catalyst coir.positions mentioned above are 
described in USP 3,081,286; 3,476,724; 3,445,367; 
4,376,720, EP-P.-0C6759 8, Japanese Laid-open Patent 
Publication Nos. 70108/1982; 70190/1982; 1S87C6/19S2 
200405/1982 and 209902/1982. 

The polyethylene (B) prepared by using a chroini 
compound supported catalyst combined with organcmetallic 
compounds explained above is especially desirable, since 
single stage polymerization of ethylene produces a homo- 
polyethylene having a KIR of 50 to 120 and a die swell 
of 50 to 80g/20cm measured at the condition in which the 
said homopolymer exhibits a melt index of lg/10 min. 

The polyethylene (B) can be prepared by suspen- 
sion polymerization, solution polymerization, gas phase 
polymerization. and the like using the chromium compound 
supported catalyst and such supported catalyst combined 
with said organometallic compounds. 



Suspension pc j.ymer i zt u: 



icr: is carritic cur ny 



feeding monomeric olefin at a pressure of 1 to SOlcg/cm'G 
to an already introduced polymerization solvent and 
catalyst in a polymerization vessel. 'The. rate of the 
polymerization may be increased by keeping the tempera- 
ture of the polymerization system at from 30*0 to llO'C. 
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Examples of polymerization solvent are aliphatic hydro- 
carbons such as propane, butane, isobutarx, pentane, 
isopentane, hexane and heptane, aromatic hvcrocarbons 
such as benzene and toluene, and cycloalizhatic hydro- 
carbons such as cyclohexane and methy Icy c -hexane. A 
good powder state of low density copolymer of ethylene 
and a-olefin can be obtained by using a polymerization 
solvent having carbon not more than 4 carbon atoms. 

Solution polymerization, generally carried cut 
by feeding monomeric olefin under a pressure of from 1 
to 400Ka/cm=G preferably from 10 to 250Kg/aa^G into an 
already introduced polymerization solvent mentioned 
above -in the presence of a catalyst. The polymerization 
reaction proceeds at a temperature of 120»C to SSO'C, 
preferably at ISCC to 320''C. 

Gas phase polymerization is carried out by 
makina monomeric olefin contact ;.ith catalyst at a 
perature at 30»C to 130°C under a pressure fro:u 1 t 
Kg/cm^ . 

In general, fluidized bed technique, moving 
bed technique or agitating means for mixing is adopted 
.to obtain a good contact of monomeric olefin and catalyst 
in a polymerization reaction. 

The polyethylene composition of the present 
invention is prepared by mixing the polyethylehes (A) , 
(B) and (C). Method of mixing the polymers can be any 
conventionally used methods in the form of powder, 
slurry, pellet and so or. 

When kneading is necessitated, it may -be 
conducted at a temperature of ISO'C to BOO'C by using 
a single or twin-screw extruder, a kneader, or the like 
machine. 



tem- 
50 
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The polyethylene composition thus produced has 
a MI of from 0.001 to lOg/10 min. and has a density cf 
from 0.91 to 0.97g/cmS preferably from G.935 to 0.965g/ 
cm'. Its molecular weight distribution is not less than 
60, preferably not less than 75 in terras of MIR- 

The polyethylene composition for use in injec- 
tion-blow molding should preferably have a MI of frcr: 
0.5g/10 min. to 3g/10 min. For use in blow or extrusion 
molding, the polyethylene composition should have a MI 
preferably of from 0.005 to lg/10 min., and most prefer- 
ably of from D.Clg/10 min. to 0.5c/10 rdn. 

The- polyethylene composition of -the -present 
invention may contain the materials usually added to 
polyolefins such as thermal stabilizers, antioxidants, 
UV-ray absorbers, pigments, antistatic agents, lubricants, 
fillers, otlier polyolefins, thermoplastic resins, rubbers 
and so on, as the case may require. 

It is also possible to perform foam-molding of 
the present composition with a foaming agent incorporated 
therein. Radical initiators and cross-linking agents can 
be incorporated in the polyethylene composition so as to 
effect cross-linking. 

In the present specification, the respective 
characterictics: cf the polyethylene (A), (B) £::c (C) is 
represented by MIR and die swell value of a homopoly- 
ethylene produced in a single stage polymerization meas- 
ured at the condition in which saic homopoiyethylene 
exhibits a melt index of ig/lO ir.in- This is because bctii 
MIR value and die swell value are the parameters that 
represent directly the molecular structure of linear 
polyethylene prepared by a single stage polymerization. 
More directly, these parameters are essentially determined 
by the kind of catalyst used in polymerization. The 
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characteristics of polyolefin in terms of molecular weight 
and amount of copolymerized a-olefin are determined by a 
molecular weight adjusting agent and the ariount of co- 
polymerized monomer which are used in polyrr.erization. 
On the other hand, the characteristics pertaining to 
molecular structures, involving chain brar.ching structure, 
■the presence of unsaturated bonds, molecular distribution 
and the like are specifically determined according to the 
kind of catalyst used in polymerization, and can be re- 
presented by MIR as well as die swell. 

The reason why the polyethylene composition 
according to the present invention is excellent in both 
processability and physical properties may be considered 
as described below. The low molecular weight polyethylene 
moiety having a narrow molecular weight distribution and 
a lovr melt elastic recovery effect (the polyethylene (A)) 
and the high mclecular weight po-yetliylene moiety having 
a narrow molecular weight distribution and a low melt 
elastic recovery effect (the polyethylene (C) ) are homo- 
geneously mixed together with by the polyethylene (3) 
which has an intermediate molecular weight, a relatively 
wide molecular weight distribution and an adequately high 
melt elastic recovery effect, whereby the molecules in 
the composition are entangled so as to effect an optimal 
mode of molecular structure. 

The subsequent examples show the excellence c£ 
the polyethylene composition of the present invention. 
For instance, use of polyethylene having the same molecular 
.weight as the polyethylene (E) and prepared by usir.-c 
magnesium- containing Ziegler type cfctulyst in t^ie poly- 
ethylene composition cannot produce an- excellent charac- 
teristics in processability and physical properties as 
obtained by the composition of the present invention. 
AS described in detail above, the specific features of 
the polyethylene composition obtained according to the 
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present invention may be summarized as follows: 
(1) The polyethylene composition is excellent in 
processability, since flow characteristics and 
viscoelastic characteristics are well balanced, 
in particular, good moldability of tr:e compositxon 
in bla. molding, extrusion molding of pipes, sheet 
and the like product, injection-blow nolding or 
the like, give, little chicki.ess irregularity 
or ungvenness in molded products. 

(2) The molded articles of the polyethylene composx- 
tion have great stiffness, impact resistance, and 
ESCR. All of these characteristics exhibit good 
practical balance- 

(3) Since U-.e polyethylene ooBposiaon is excellent in 
ohysical properties and prooe.sability , thin r»l=ed 
'articles can easily be proaoced. Therefore, rt 
„eets the ce.,ar,d of the age for saving resources 
and enercy. • - 

(,) Molded articles with good appearance are obtaxneo. 
(5) The ccm;30sition can be used for various shaping 

ir^ethods such as injection molding, film-making, 

stretching, rctoforming and foaming. 

The following examples are given to illustrate 
the invention in more detail and should not be construed 
as limiting the scope cf the preser.t invention. 

Designations, and methods and conditions for 
„.easurements described in the examples and comparative 
examples are surair.ariJ.ec below: 

ji, KI designates the melt index measured at a tem- 
perature of ISO^C under a load of 2.16 kg m 
accordance with ASTM D-1238. 
(ii) MIH is defined as the quotient of the value 
measured under the condition of measurement 
of VI under a load of 21.6 kg divider by MI. 
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MIR is a measure of molecular weight distribu- 
tion. Value of MIR increases as the molecular 
weight distribution broadens. 

(iii) Molecular weight (MW) was calculated from the 
intrinsic viscosity (n) neascred in a solution 
of decalin at 135 "C and the equation n = 6.8 x 
IQ-'^MKO.S? described in Journal cf. Polymer 
Science Vol. 36. P 91 (1957). All the noleculor 
weights referred to in the present specification 
are based on this method. 

(iv) Density was measured in accordance with ASTM 
.. D-1505. 

(v) Impact strength means the notched Izod impact 
strength, according to AS7M D-256. 

(vi) ESCR designates environmental stress cracking 
resistance, 

A 2,000 v.l voluTie bottle v;ith a handle (95 grams) 
was molded by use of a 60 rjp.p' screv: molding 
machine at a cylinder temperature of 190°C and 
a mold temperature of 40'=C. After 200 mi of 
an aqueous solution containing 33 S. nonionic 
surfactant is charged in ti:e bcttle, the bcttlfe 
is sealed with a stopper and placed in an even 
at eo'c. 

The time until generation of cracks on the 
bottle is measured. 

(vii) Impact resistance of a bottle was measured on 
a bottle molded according to the melding de- 
scribed above. The bottle is filled with cold 
water at 13 and sealed v/ith a stopper. Arxd 
it is repeatedly dropped from the hight of 1 . 9m 
onto a concrete surface. The number of t'r.c- 
repeated droppings before destruction of the 
bottle is coutited. 

(viii) Extrusion processability is expressed by the 
amount of a composition extruded through the 
Type A-50 blow molding machine manufactured by 
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(X) 



PLACO CO., Ltd. at a cylinder te.mperature of 
190-C operated at 46 rpm of screw rotation. 
Die svell is defined as the weight of 20 cm 
parison when extruded by use of . die for blow 
molding with an outer diameter of 15 and 
an inner diameter of 10 mm under the operating 
conditions described in (viii) . 
If no swelling phenomenon occurs, the weight 
of the parison will be about 15 grams. 
Thickness irregularity of the bottle ir^lded 
in accordance with the molding deserbed m 
the above (vi) was reported. Particularly, 
the welded pinch-off portion of the handle 
which is prone to become thinner, was evaluated 
visually. Double circles mark (©) indicates 
an excellent state, circle mark ( o ) indicates 
a good state, triangle mark ( A ) indicates a 
slightly bad state, and cross mark ( + ) in- 
dicates an extremely bad state. 



rteriticn of ca«ly.t for pol.eth.Xe.e a„a ,C, 
WO liters of a hexane solution containing 
1 «.1/1 of triohlorosiUne (HSiCls) were plaeed xn 

8 liter autoclave and kept at 50"C. 2 liters of 
a hexane solution containing 1 .-1/1 of _ 
alun>inu.,-magnesi™ conple:c with a composxtion corre 
.ponding to « Kg6.0(C2H5)2.c(n-=4Hs!5 5mHs,3.5 
„a= addea dropwise to the he=tane solution of trr- 
chlorosilane under stirring over two hours. Then 
the K,i.ture was reacted for a further two hours. 
..,e .oua product sc obtUnec was wasbec two ti».s 
;;th"2'liters of fresh he.ane by »ans of deca^tatron. 
TO the Slurry containing the solid product was added 
2 liters of titanium tetrachloride. a.,d the reaction 
«as carried out at 130«C for two hours so that a 
solid catalyst component was formed. The solid 
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catalyst component was then isolated and washed wath 
fresh hescane until no free halogen was detected. 
This solid catalyst component (a) contained 2.1 % 
of titanium by weight. 

preparation of a bicomponent composit-.n consisting 
of polyethylenes(A) and (O by two stage polymeriza- 

""^""'a two stage polymerization was conducted ac- 
cording to the process as shown in the Figure. 
Fi-st, polymerization for preparation of a low 
.olecular weight polyethylene moiety (A) was carried 
out in a polymerization vessel (1) with an inner 
volume of 300 1. The polymerization temperature 
„as 83°C and the polymerization pressure was 11 
kc/cm^G. 

lito th. polymerization vessel (1) were fed d,e above 
solid catalyst component (a) at a rate of 1.3 n»ol 
(Ti atom base)Ar., triethylalumnu., as an organo- 
„etalll= compound (b) at a rate of 20 ^ol - = 

atom base)/hr. and purified hexane at a rate of 40 

■nydroaen as a molecular weight regulator was fed 
so thlt the hydrogen concentration in the gas phase 
Mght becoine about 90 mol % to effect tne first 
polymerization. 

secondly, in order to prepare a polyethylene (C) 
moiety, the polyr«r slurry obtai:*6 by the x«.. 
polvmerization in the polymerization vessel (i) 
L; introduced into the flush drum (3, at a pressure 
of 1 kg/cm'G and at a tempersture of 75'C, vhere 
the unreactee ethylene and hydrooen were sepa.-a.". 
Then the Slurry was pressurized by the slurry- pump 
■ (5) and introduced into the polymerization vessel 
,6) of an inner volume of 250 liters. The second 
polymerization was carried out in the polymeriza- 
tion vessel (6) at a temperature of 80«C and a 
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pressure of 8 kg/on'^G. In the seconc polymerization 
triethylaluminum at a rate of 7.5 nimci (metallic atom 
base )/hr., purified hexane at 40 1/hr. and ethylene 
at the rate of 7.2 NMVhr. were fed ir.to the polymer- 
ization vessel (6) and hydrogen and butene-1 were 
fed thereinto so that the concentration thereof in 
the gas phase might become about 2 mol % and about 
2.5 Hiol % respectively to effect the second polymer- 
ization. 

The polyethylene product in polymerization vessel (6) 

as prepared by the above two stage polymerization 

was obtained in the form of powder with an MI of 0.17g/ 

10 ir.in. and a density of 0.956g/cm'. 

The pclyethylene as obtained contained 49 % by v/eight 

corresponding to polyethylene (A) produced in the 

firsr polymerization and 51 % by weight corresponding 

to polyethylene (C) produced in the second polymer- 

izution according to the computation based on the 

ecLual amount of the polymer produced in the poly- 

iT:eri::«tion. 

According to the results cf the experiment of a 
single stage polymerization conducted separately in 
the same manner and conditions as the above, it was 
estimated that the low molecular weight moiety of 
the polyethylene (A) produced in the first stage 
polymerization vessel (1) has a molecular weight 
of about 13,000 and a density of about 0.974g/cm^ 
and that the high molecular weight moiety of the 
polyethylene (C) produced in the second polymeriza- 
tion vessel (2) has a molecular weight cf about 54 
X 10^ and a density of 0.93&c/cm\ 
Accorciricly , the retic KV»"cA'% bicomponent 
polyethylene prepared by the above two stage poly- 
merization was estimated at 41.5. For reference, 
the homopolyethylene having a KI cf l.Og/10 min. 
prepared by a single stage polymerization using the 
catalyst employed in the above polymerization has 
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a MIR of 37 and a die swell of 38g/2:cm. 

Preparation of a catalyst for producing polyethylene (E) 
(i) Preparation of solid catalyst co-.ponent (c) 
Ten grair.s of chromium tric::ide was dis- 
solved in 2,000 ml of distilled vater. 500 g 
of silica (product of Fusi Deviscn Co., Grade 
952) was immersed in the solution and the slurry 
was stirred at room temperature for an hour. 
This slurry was heated to evaporate water, 
then the residue was dried under reduced pres- 
^ sure at 120''C for ten hours. This solid was 
calcined in a stream of dry air at 700°C over 
5 hours to give a solid catalyst component (c) . 
The solid catalyst component (c) was found to 
contain 1 i by weight of chromium. 
It was stored in a nitrogen atmosphere at room 
temperature. 

(ii) Preparation cf org &no aluminum, component (d) 
100 iroTiol of triethylaluminum, 50 mmol 
(based on silicon atom) of methylhydropoly- 
siloxane (viscosity at 30°C is 30 centistokes) 
and 150 ml of n-heptane were weighed and placed 
in an pressure resistant glass container under 
an atmosphere of nitrogen. The mixture was 
reacted at 100°C over 24 hours under stirring 
by means of a magnetic stirrer to produce an 
n-heptane solution of AKCsHs) 2.5 (OSi-H-CHa. 

The 100 mmol (based on aluminum) of this n- 
heptane solution was weighed and placed in a 
200 liter flask under nitrocen, and a mixture 
of 50 mntol ci ethane] anc SG of n-heptane 
yas added drQpwise thereto with ice cooling , 
under stirring, from a dropping funnel. After 
the dropwise addition , the mixture was reacted 
for an hour to obtain a n-heptane solution of 
Al (C2H5) 2 . 0 (OCaHs) 0 . 5 tOSi • H • CH3 • C2H5) 0.5- 
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preparation of polyethylene (B) 

A polyethylene (B) was prepared by a sxngle 
stage polymerization using a polymerization vessel 
having an inner volme of 200 liters. 
The polyn^rization was carried out at a temperature 
of 83"C under a pressure of 11 1.g/-=G, and the poly- 
merization was controlled so as to produce the polymer 



at 10.5 Kg/nr. . 

a c^tavst, the solid component (c) prepared in 
('m (i) a rate of 3.1gAr. organoal^in-m 
c^;,p.cnc-nt (b) proaucea in (3)-Cii) at a rate of 3 
r,ol/hr. v,ere introduced together with purified 
^.ade of hexane furnished at a rate of 40 1/hr. ^ 
!hs concentration of hydrocen as a molecular weight 
iegulator «a= adjusted at 30 nol » of the total gas 
phase so that a polyethylene (B) with a «,lecular 
weight of about 110,000, a MIR of 58 and a density 
of 0.967g/cin^ was produced. 

in addition to the above, it was found that tne 
ho^polyethylene having a MI of lg/10 J" 1^ 
in a single stage polymerisation using this ctalsst 
has a MB of 71 and a die swell of 64g/20 cm. 
) preparation of the polyet.hylene composition 

The powder of the bicomponent polyethylene 
consisting of the polyet-lylenes If.) and tC) as pre- 
pared in the above described two stage polymerisation 
and .he polyethylene (B, as prepared above ware .i.ed 
in a ratio of 60 = « by weight, a.-.a then, to t.nis 
Mxt-are, 500 pp.. of tetrakisl-^thylene-S- (3' ,5 - 
di-t-butyl-4'-hydroxyphenylpropionatel methane and 
300 opr. of cilauryl-3,3'-thiodipropionic acic es-er 

a-.ic>-c«ts wc:e acdei. the mixtce vas 

t^ioroughly mixed by stirring in a Henschel mixer. 
The mixture was .neaded at a2d«C in an FCK machine 
manufactured by Parrel Co. and t-her. zhe ta,eaaea 
product was extruded at 200-C by a single-screw 
e-dinider to produce a polyethylene composition. 
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As seen from Table 1, the polyethylene composition 
was excellent both in processability and in physical 
properties. 

Example 1-2 and 1-3 

The polyethylenes (A) , (B) and (C) , all of which 
were prepared in Example 1-1, were blended in various 
ratios to produce several polyethylene compositions as 
tab-ulat&d in Table 1. The manners and conditions for 
the respective polyethylene compositions with respect to 
nixing, kneading, kinds of additives and airiount thereof 
and extruding were the same as those employed in Example 
1-1. The properties of these polyethylene compositions 
were evaluated. The results are shown in Table 1. 

Comparative Example 1-1 and 1-2 

The polyethylenes (A) , (B) and (C) , all of v;hich 
were prepared in Example 1-1, were blended in various 
ratios to produce several comparative polyethylene cg:vi- 
positions as tabulated in Table 1. For each comparative 
polyethylene composition except the combination ratio of 
the respective polyethylene component the manners and 
conditions of the blending kneading and extruding were , 
the same as those in Example 1-1. 

The propertifeE of the comparctivc polyethylent- cc:?.- 
positions were evaluated. The results are shown in Table 1, 

Comparative Example 1-3 

The bicomponent polyethylene consisting of poly- 
ethylenes (A) and (C) as produced in Example 1-1 was 
pelletized in the same manner as in Example 1-1 with 
respect to the additives and condition of kneading, 
extrusion and so on, and the properties of the pelletized 
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biccponent polyethylene were evaluated, ^e results are 
shown in Table 1. 
comparative Example 1-4 

. . - fP5l as prepared in Er.anple 1-1 was 
The polyethylene (B) as pit-t^c 

in the came manner as in Exan.pie 1-1 wxth 
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heptane solution containing ^'^ ^ 
.tetrachloride were reacted « = ^f/.^ ^ 
. 1, ^« The formed solid insolTabie 

for 4 hours The ^ ^^^^^ n-hepta.e 

carbon v7as isolated and va— ^ 

: ,ive 100 , o. a .Olid -^-^^~r4rel; .0, 
.reparation oi P-^-^^i- ^ - P- 
AS polyethylene components loi f t- 

,.,e4-e -positions, pol.et^-; ^ 

«ere prepared by the .ollo^n, ^ ° 

vessel used for tho prep ,,^^e„ „ere 

aescribea in -^^^^^^Z^; J^^.^^ri^ation press,.e 
carried out at B6 C under P . 

- n ^-^^^^^^^^^^^^^ ..a. 

catalyst component (a) - ^^^^ 

«,ioh vas ie at ^ « .ept at IS 

ca.alyst component '-^^J^^^^^ H,^,,,e, 
polyetnylene P"-"^^^* -„,i,,t regulator. 
„as also fed as a -^^^ « _ ,,,eous cc- 

Butene-1 was used as a cc». o 

-^"-"T"^rrt -«. Of 3.000 
trr-in,;dens--..yo£0.«0 
(polyethylene (A)) ana nav 
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g/cm^/ wherein the concentration of hydrogen vc.s 
about 4 8 inol % and the concentration of butene-1 
was about 7 mol %. The efficiency cf the catalyst 
was 170,000 g polymer per 1 g of titanium. 
In the preparation of the higher molecular poly- 
ethylene (polyethylene (C) ) , the gaseous phase 
corapositibn in the polymerization vessel was ad- 
justed so as to produce a polymer having a molecular 
weight (MWc) of 280,000 and a density of 0.935 g/cn;', 
where the concentration of hydrogen was about 10 
mol % and that of butene-1 was about 6 mol %. Tlie 
efficiency of the catalyst was 410,000 g polymer 
per 1 g of titanium. 

In addition, it was found that this catalyst 
produced a homopolyethylene having a MI of 1.0 g/ 
10 min. a MIR of 39 and a die swell of 41 g/20 cm 
by a single stage polymerization. 
Preparation of a catalyst for production of poly- 
ethylene (B) . 

(i) Preparation of solid catalyst component (c) 

Solid catalyst component (c) was prepared 
and stored by repeating the preparation of 
solid component (c) described in Example 1-1 
■except for the following conditions. In this 
example, chromium trioxide in Example 1-1 was 
replaced by 25 g of monohydrate of chromium 
acetate (III), and the calcination temperature 
used in Example 1-1 was replaced by fiOC^C. 

(ii) Preparation of organomagnesium component (d-1) 

13.80 g of di-n-butylmegnesium, 2.85 g 
of triethyieluminum and 200 ml of n-hepta:-je 
were introduced into a 500 ml xiask, and the 
mixture- was reacted at BO'C under stirring 
for two hours to produce an organomagnesium 
complex corresponding to AlMg4 (C2H5) 3 (n-C4Hg) 8- 
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The reacted solution was then cooled down to 
a temperature of 10 ^C- 50 ml cf n-heptane 
solution containing 50 iranol of n-octanol was 
added dropwise to the cooled reaction solution 
to obtain a solution of organcr-ag-esium complex 
containing alkoxy group. 

It was found by gas chromatographic analysis 
that the complex had a composition correspond- 
ing to AlMc4(C2H5)2.7Q{n-C4K9)6.28(On-C8Hi7)2.02- 
The analysis was conducted by measuring the 
alcohol converted from all of the alkyl groups 
and alkoxy groups by hydrolysis of the oxydized 
product that had been obtained by oxidizing 
a part of the above complex solution with dried 
air. 

Production of polyethylene (B) 

The polyethylene (B-l) was prepared using the 
polymerization vessel, the polyir.erizaticn tempera- 
ture, the polymerization pressure and the production 
rate as described in Example 1-1. 

Into the polymerisation vessel, the solid component 
(c) prepared in (3)-(i) of this exar.ple and organo- 
aluminum component (d-1) were introduced in company 
with hexane which was fed at a rate of 40 1/hr. 
The feeding rate of the solid component (c) and the 
organoaluminum component (b-l) were adjusted to 
2.92 g/hr. and 3 mnol/hr. respectively. The concentra- 
tion of hydrogen was kert at 12 ;noi % ar.d that cf butene-- 
1.5 mol %. The polyethylene (B-l) produced had a 
molecular weight of 150,000, a MIR cf 95 and a density 
of 0.559 g/cir.'. 

k homopolyethylene procucec by s zincU stace poly- 
merization using the same catalyst condition has a 
MI of 1.0 g/10 min.r has a MIR of 61 and a die swell 
of 64 g/20 cm. 

Preparation of polyethylene composition 

The polyethylenes (A) , and (B-l) and (C) , all 
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in the form of powder, were mixeo at a ratio of 
38:35:27. To this mixture was added 500 ppm of 
n-octa-decyl-e- (4 '-hydroxy-a • /s • -di-tert-butylphenyl) 
propionate and 200 ppm of tetrakis (1,4-di-tert-butyl- 
phenyl) 4,4'-biphenylenediphosphonite and 500 ppm 
of calcium stearate as anti-thermoxidizing agent. 
A polyethylene composition was produced employing 
the same conditions as described in Example 1-1 
with respect to mixing, kneading, extrusion and so on. 
The properties of the composition are tabulated in 
Table 2. 

Example 2-2 . 

The solid catalyst component (c) as used in Example 
2-1 and the organomagnesium component (d-2) prepared by 
the follov/ing method were ccrbined. 

(1) Preparation of organomagnesium component (d-2) 

To a 500 ml flask, 13.80 g of di-n-butylmagnesium, 
2.06 g of diethylzinc were charged together with 2C0 
ml of n-heptane, and the mixture was reacted with 
stirring at a temperature of 80 "C for 2 hours to 
obtain a n-heptane solution of an organomagnesium 
complex corresponding to ZnMgg (C2H5) 2 (n-C4H9) i2- 

(2) Preparation of polyethylene (B-2) 

Into the same polymerization vessel as used in 
Example 1 were charged with the solid component fr) 
prepared in Example 2-1 at a rate of 2.4 8 g/hr. and 
the organomagnesium complex (d-2) at a rate of 2.6 
nunol/hr. as catalyst together with hexane at 40 1/hr. 
The polymerization tempera turt anc pressure a;-d 
production rate were the same as in Example 1-1. 
Polymerization was conducted in the presence of 
hydrogen at a concentration of about 15 mol % and 
butene-1 at a concentration of about 1.5 mol %. 
The product polyethylene had a molecular weight of 
140,000, a MI of 88 and a density of 0.959 g/cm^ 
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For reference, a ho^opolyethvlene hav.n, a c£ 
1 0 ,/10 »in. prepared by using this catalyst b.s 
a MIR of 58 ana a die swell o£ 61 9/20 cm. 
(3) Preparation of polyethylene co^posit^cn 

The polyethylenes <A, , ana (C, . .h.ch wer. 
prepared in Example 2-1, and the polyethylene ..-2) 
Tere cc^pounded and peXleti.ed in t>=e same manner 

aescrka in Example 2-1 to produce a composition 
of which the properties are shown in Table 2. 

Comparative Example 2-1 

Employing the same, catalyst as used in^prepara- 
tion of the polyethylenes (A) ana (C) in Example 2-1, 
yethyIene'(B-3, was produced. -^Vethy^^ c««^- 
„v»oared in the same manner and conditions 
tions were prepared in ^ polyethylenes (A) , 

as described in Example 2-1 except «i ^ 
,B.3, .na (C, were used as polyet.nylene components ^e 
prooerties of the polyethylene are shown in .able 2, 
was' prepared by the following pclymer»ation. 

polyethylene (B-3) had a molecular weight, of 
160,000, a MIR of 43 and a density of 0.960 g/cm . 

in the preparation of polyethylene. pol^^i«- 
tion was carried out in the same manner as "-^ - 
Treparation of -^-thy.nes ,A) and (C, 
tl.e co;,centra.io=. of hyorocen »r,a J.^t o. b 
^out 32 mol . and about 0.3 mol » respectively- 



0129312 

« 36 - 





® < 


Ill s 






. s ? 




S 2 


! lilt! ' 


2 " 


lit! ■ 




in 1 


\ 1 ! 


i 


g 3 2 




i I I 


! i' - 






ft ;s ^fi 
s s s 


F 1 




1 


If .i 



0129312 

- 37 



^ r.:r; i"uc. .e™.»..«, 

polymerization, ve.sex, y x . ^he 

system was adjurted so as to p 

,avin, a »olecuU>: wexght o 12 0 ^^^^^^ 

rsrp:rc:^t..^.---:«^ 

o. 700.000 ana a 

"^"T ulTrr LT^epa/aUon o. poX,- 
were aboui: 88 mol * preparation 
^,,ene //^ Z prepara^cn 

of poxyethy ene C . ^^^^.^^ 
of poXyethyXene (C) , ttie co 
was kept about 3 ml %• 

.reparation of poXye*yXene (B)^^^_^^^^^^^^^^ 

PoXyethylen« ^/^^^ ,a by e^plovin, 

250,000 of this e=<=»ple «as prep y.yiene 

"T^^xltxTtrs— as^.s=.^ 
;r;;a:ri-l Lcept t^at a by.o.e„ concentration 

1 nioi «as usee. 

. , ,v,ivethYlene con»osition 
(3, .reparation of po ye^yl (c) all of 

.be polyethylenes . 
which »ere prepared « -.-is = ? processed 
tbe ratio as tabulated « ^ P ^ 

i„ the sa^ manner as cescrzbed xn ^ P 
produce a polyethylene ccn^osxtxon. 
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of the polyethylene compositions are shown in 
Table 3. 

Comparative Example 3 

Except that polyethylene (A) and (C) both of 
which were prepared in Example 3, were mi>:ed at a ratio 
given in Table 3, a polyethylene composition consisting 
of polyethylenes(A) and (C) was produced by blending 
and kneading in the same manner and conditions as used 
in Example 1. 

.. The properties of the polyethylene composition 
are shown in Table 3. 
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Example 4-1 

(1) Polyethylene (A) and polyethylene (C) 

The polyethylene produced by the two stage poly- 
merization in Example 1-1 was used for the component 
of polyethylene (A) and polyethylene (C) . 

(2) Preparation of catalyst for production of poly- 
ethylene (B) . 

10 g of chromium trioxide was dissolved in 
2,000 ml of distilled water. 500 g of commercial 
silica (Grade 952 manufactured by Fuji Davison Com- 
pany) was immersed in the chromium trioxide solu- 
tion and the mixture was stirred at room temperature 
for an hour. Then, the obtained slurry was heated 
until the water thereof was removed by evaporation. 
After the removal of water was completed, the solid 
residue was dried at 120 »C under a reduced pressure 
for ten hours. The dried solid was then calcined 
at 800 "C under a stream of dried air for 5 hours to 
obtain a solid catalyst component (C) . The solid 
catalyst component (C) was found to contain 1 % by 
weight of chromium and stored in a nitrogen atmosphere 
at room temperature, 

(3) Preparation of polyethylene (B) 

A polyethylene (B) was produced by a single 
stage polymerization process in a polymerization 
vessel having a capacity of 200 liters. The poly- 
merization temperature and the poliTnerization pres- 
sure were 86''C and 11 kg/cm^G, respectively. 
Polymerization was controlled so as to produce a 
polymer at a rate of 10.5 kg/hr. 
The solid catalyst component (C) prepared ir: (l) 
was charged at a rate of 3.1 g/hr. together with 
purified grade hexane which was fed at a rate of 40 
1/hr. into the polymerization vessel. 
Hydrogen was used as a molecular weight regulator . 
In the gaseous phase, the concentration of hydrogen 
was kept at about 30 mol % and that of butene-1 was 
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; poUyl- 'B, thus proaucea h.a a ^UcuU. 
«eigL of 100,000 ana a aensity of O.oe.9/c. . 
on Le other hana, a ho=.polyethyle„e ..--xn, a « 
Of 1.0 g/10 »in., which wa. obta.^ec ■^c.: u e of 

4cataXyst,haaaHIRo£70anaaaies«eUof 

49 a/20 cm. / 
,4) Preparation of polyethylene consosition 

IK.e polyethylenes (A) , (O and (B) , all of 
Which vera proaucea in this e=:anple were .i::ao at^ 
I ratio a= shown in Table To this .^ture CO 
:rof tetxaWst«thylene-3-(3-,5.-ai-t-butyl-4 - 
, :^roUeuyl. P-prionate, .ethane ana 300-p^.-o 
al-W 3,3'-thioaipropionic aoia ester as au.x 
cliaaTs we . aaaea, ana the fixture was thoroughly 
m agitation. The thus ohta^ea fixture - 
Kneaaea at a temperature of 220"C by .^ans or a 
Lchl^e ^ufactured by Farrel Co. The >^-- J ^ 
proauct was pelletized by extruding at ^ 
L 250.C using a single screw type -^-^J; J 
«=lletizea polyethylene composition was extrer,ely 

in bLh processability and physical proper- 
ties as seen in Table 4. 

Example 4-2 

PolyetHylenes<A,/(C)a„a<B,,aUofJ.ic>> 

were produced in the preceding e.-ca=ple ^ 
the co»«>ounding parts as shown in .able 4 P 
exposition was proaucea in t.He sa»e .anner^ cone 

, • 1 v.'th re«oect to the accj-tives, k-x* .. 
as in Example i-1 v.th re . properties of ^ 

kneadihg. extrusion, ana the l^"^" ™ ^^^^ 4. 

the polyethylene composition are also sho.n ^ Tab 

Comparative Example 4-1 - 

Polyethylenes (A), <c, and (B) , all of which 
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were produced in Example 4-1, were mixed in the parts 
given in Table 4, in the same manner as ir. Example 4-1 wi th 
respect to the additives, conditions of r.L-iing, kneading, 
extrusion, and the like. The properties cf the polyethylene 
compositions were evaluated and the results are shown in 
Table 4. 
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Example 5 

(1) The polyethylene consisting of polyethylenes (A) and 
(C) as prepared by the two stage polymerization in 
example 1-1 was used as polyethylenes (A) and (C) . 

(2) Preparation of polyethylene (B) 

Except that Ail (C2H5) 2 (OC2H5) was used as an 
organometallic component (d) of catalyst, a poly- 
ethylene (B) was produced by polymerizing ethylene 
at the conditions as used in the preparation of the 
polyethylene (B) in example 1-1. The polyethylene 
(B) obtained had a molecular weight of about 110,000, 
a MIR of 60 and a density of 0.967g/cra^ 
For reference, the homopolymer of ethylene which 
have a MI of l.Og/lOiain, , produced by a single 
stage polymerization, have a MIR of 73, a die swell 
of 59g/20cm. 

(3) Preparation of polyethylene composition 

A polyethylene composition was made from the 
materials set forth above in proportions indicated 
in Table 5. 

The conditions and manners of compounding were the 
same as in Example 1-1 with respect to the additives, 
conditions of mixing, kneading, extrusion and the 
like. 

The properties of the polyethylene composition were 
deter mined and shov;n in Table 5. 
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It is understood that the specification and 
examples are illustrative but not limitative of the 
present invention and that other embodiments within the 
spirit and scope of the invention will suggest themselves 
to those skilled in the art. 
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Vlhat we claim is: 

1 A polyethylene composition comprising three types of 
polyethylenes(A), (B) and (C) selected from the 
group consisting of homopolymers of ethylene and 
copolymers of ethylene and an a-olefin, wherein 

(i) the polyethylene (A) has a molecular weight 
of from 5,000 to 90,000, the polyethylene (C) 
having a molecular weight of from 100,000 to 
1,500,000 and the ratio of the molecular weight 
of the polyethylene (C)/ the molecular weight 
of polyethylene (A) being between 4 and 200, 

(ii) the polyethylene (B) has a molecular weight 
of from 50,00.0 to 500,000 produced hy.a. poly- 
merization using a chromium compound supported 
type catalyst capable of producing a homopolymer 
of ethylene in a single stage polymerization 
having a flow ratio of from 40 to 150 and a die 
swell of from 40 to 100 g/20 cm measured at the 
condition in which the said homopolymer e)Aibits 
a melt index of 1 g/10 min. , 

(iii) the ratio of the polyethylene (A) and the poly- 
ethylene (C) by weight is from 70 to 30 to 30 
to 70. and the amount of the polyethylene (B) 
in the composition ranges from 10 % by weight 
to 75 % by weight, and 

(iv) the melt index of the composition is not less 
than 0.001 g/10 min., and not more than 10 
g/10 roin. 

2 A polyethylene composition according to claim 1, 
wherein the polyethylene (A) and the polyethylene 
(C) are prepared by a two stage polymerization. 

3 A polyethylene composition according to claim 1, 

' wherein the polyethylene (B) is produced by poly- 
■ merization using a chromium compound supported type 
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catalyst combined with an organometallic compound 
capable of producing a homopolyraer of ethylene in a 
single stage polymerization having a flow ratio of 
from 50 to 120 and a die swell of from 50 g/20 cm 
to 80 g/20 cm measured at the condition in which 
the said polyethylene exhibits a melt index of 
1 g/10 rain. 

A polyethylene composition according to claim 1, 
wherein the molecular weight of the polyethylene 
(B) is within a range from 70,000 to 400,000 and 
the ratio of the molecular weight of polyethylene 
(B)/the molecular weight of the polyethylene (A) 
is 1.2 or more, the ratio of the molecular weight 
of the polyethylene (B)/ the molecular weight of 
polyethylene (C) is 0.9 or less, and the molecular 
weight of the polyethylene consisting of the poly- 
ethylene (A) and the polyethylene (C) is higher 
than that of the polyethylene (B) . 

A polyethylene composition according to claim 1, 
wherein the polyethylene (A) has a molecular weight 
of 'from 10,000 to 70,000 and the polyethylene (C) 
has a molecular weight of from 200.000 to 1,000,000 
produced by polymerization using a magnesium contain- 
ing Ziegler type catalyst which is capable of produc- 
ing a homopolymer of ethylene in a single stage 
polymerization having a flow ratio of 20 to less 
than 50 and a die swell of 20 g/20 cm to less than 
50 g/20 cm measured at the condition in which the 
said homopolymer exhibits a melt index of 1 g/10 min. 

A polyethylene composition according to claim 1, 
wherein the density of the polyethylene composition 
is in a range of from 0.935 g/cm^ to 0.965 g/cm'. 
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A polyethylene composition, whe.ein the Poly^^-^ 
has a ™,lecul« weight of fro. 10,000 to ,000 
ana the polyethylene (C, has a molecular ve.,h of 
200,000 to 1,000,000 Which are produced by a 
polymerization using a ma,nesium-contain.ng Zregler 
tyjl catalyst which is capable of producing a homo-^ 
jllymex of ethylene in a single stage polymerrzat on 
LvLg a flow ratio of from 20 to less than 50 and 
Tdie swell Of from 20 ,/20 cm to less than 50 g/20 
cm measured at the condition in which the sard 
hcmopolymer e:chlbits a melt index of 1 9/" »rn. 
tne polyethylene (B) is produced by a polymerx.atxon 
using a chromium compound supported type catalyst 
combined with an organometallic compound which is 
capable of producing in a single stage polymeriza- 
tion a homopolymer of ethylene having a flow rat.c 
of from 50 to 120 and a die swell of from 20 g/20 cm 
to 80 g/20 cm measured at the condition, in which 
the said homopolymer exhibits a melt index of 1 g/ 
10 min. 

S polyethylene composition according to clain, 7, 
Wherein the density of the polyethylene compos^tron 
is in a r«.ge of fr<M 0.935 g/cm> to 0.965 g/cm . 
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